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Description 

BACKGROUND OF THE INVENTION 

Electrochemical fuel cells employing membrane 
electrode assemblies are known and have been pro- 
duced and sold for many years. Such cells are known 
as solid polymer type fuel cells and comprise, in the 
heart of the system, two porous electrodes separated 
by an electrolyte material in the form of a membrane. 
The porous electrodes, conveniently made from carbon 
fiber paper ("CFP") supporting a layer of a catalyst such 
as platinum, and the electrolyte material together form 
an assembly called a membrane electrode assembly 
("MEA"). The MEA is located between two electrically 
conductive or, conveniently, graphite flow field plates. 
The graphite flow field plates supply fuel and oxidant 
typically in the form of hydrogen and air or oxygen, re- 
spectively, to the MEA and also act to transmit current 
generated by the fuel cell stack to an external electrical 
circuit where it may be stored or otherwise used. The 
fuel and oxidant are supplied to the MEA by grooves in 
the surface of the graphite flow field plates adjacent the 
carbon fiber paper. The grooves communicate with 
manifolds carrying gases to each of the individual 
MEAs. 

The membrane electrode assembly includes a cat- 
alytic material, conveniently platinum as previously stat- 
ed, on the surface of the CFP which renders that portion 
of the CFP an electrode. The electrode portion of the 
CFP contacts the membrane. The CFP is made hydro- 
phobic, typically by the incorporation of polytetrafluor- 
oethylene (tradename Teflon). Ridges between the 
grooves in the graphite flow field plates contact the back 
of the electrode portion of the CFP The MEA consumes 
the fuel and oxidant through an electrochemical process 
and produces an electrical current which can be drawn 
from the electrodes to an external circuit. 

To ensure that the fuel and oxidant gases supplied 
to the MEA do not mix, sealing to prevent such mixing 
is imperative. If the hydrogen and oxygen combine with- 
in the fuel cell in combination with the catalyst, a com- 
bustible mixture can form and inflame, if the fuel and 
oxidant leak from the interior to the exterior of the fuel 
cell, the efficiency of the fuel cell can be reduced and a 
fire or explosive hazard created. 

In conventional fuel cells, an MEA was interposed 
between the two electrically conductive, preferably 
graphite, plates. The MEA comprised a membrane 
bonded between the CFP layers. The membrane ex- 
tended substantially beyond the edge or periphery of the 
CFP layers and that outer portion of the membrane was 
not supported by or bonded to them. The CFP layers 
covered only the inner or active portion of the mem- 
brane. The outer portion or periphery of the membrane 
was free of the CFP. The periphery of the membrane 
was installed between two adjacent electrically conduc- 
tive plates and acted as a gasket, sealing the gases in 



the electrode region from the exterior, isolating the gas- 
es in their respective manifolds, and electrically insulat- 
ing the electrical conducting flow field plates between 
which the membrane was installed. 

s This conventional membrane electrode assembly 
was disadvantageous in several respects. First, the 
membrane did not function well as a gasket. The mem- 
brane was subject to shrinking and swelling depending 
on the water content. Since it was free to shrink and 

10 swell, its potential for tearing or for developing fatigue 
cracks was high. Although various techniques were uti- 
lized in an attempt to minimize the leaks across the 
membrane between the flow field plates, the techniques 
were expensive and substantially ineffective over an ex- 

is tended time period. 

Furthermore, using the unsupported outer edges of 
the membrane to serve as an insulator and gasket be- 
tween the opposing flow field plates placed strength and 
resilience demands upon the membrane which limited 

20 the minimum thickness of the membrane which could 
realistically be used in a fuel cell. An unsupported mem- 
brane having an inadequate thickness will be prone to 
failure due to its expansion and contraction in operation. 
Such thin membranes are subject to tearing when the 

25 cell is assembled or disassembled and when the mem- 
brane electrolyte is cycled between the hydrated oper- 
ating state and the dehydrated non-operating state. 

Up to a point, it is desirable to reduce the thickness 
of the membrane electrolyte since the electrolyte repre- 

30 sents a substantial component of the internal electrical 
resistance of the fuel cell. A fuel cell with a thinner elec- 
trolyte will have a lower internal resistance and thus a 
higher voltage will be available at the fuel cell terminals 
for a given current demand. This translates directly into 

35 a greater power and fuel efficiency being derived from 
a fuel cell with a thinner electrolyte. The advantage of 
greater power and fuel efficiency derived from a thinner 
membrane electrode is tempered only by the require- 
ment that the membrane be sufficiently thick to sustain 

40 the operating pressure differential between the fuel and 
oxidant gases and to minimize the diffusional mixing of 
these two gas streams through the membrane: 

In the conventional MEA it was also necessary to 
machine a recess in each flowfield plate contiguous with 

4S the periphery of the CFP layers and approximately the 
thickness of the CFP layers. By providing such a recess, 
the MEA could be positioned between the flow field 
plates while maintaining a uniform distance about the 
periphery of the flow field plates. Maintaining this uni- 

so form distance al towed the membrane to be tightened ap- 
propriately between the plates so as to provide a good 
sealing action. However, machining such a recess was 
time consuming, expensive and, in fact, did not assist 
substantially in enhancing the sealing action. 

55 A further disadvantage in the conventional MEA 
was that the membrane itself was difficult to position and 
maintain in position while the fuel cell stack was being 
assembled. This difficulty was a result of the thinness 
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and inherent inflexibility of the membrane. This difficulty 
was also the result of the tendency of the membrane to 
expand and contract due to the humidity changes in the 
gases to which the membrane was subjected. 

One proposed method of sealing the MEA and the 
adjacent electrically conductive plates without using the 
membrane as a gasket is to form grooves in the surfaces 
of the electrodes facing away from the membrane and 
depositing sealant material into the grooves. This pro- 
posed sealing method presents several disadvantages. 
First, it has proven difficult to provide a uniform thick- 
ness of sealant material necessary for an optimal seal 
Second, the sealant tends to deform in a nonuniform 
manner when compressed in the assembled fuel cell 
stack. Third, the extrudable sealant material is not suf- 
ficiently resilient to withstand compressive forces over 
time, and the extrudable sealant eventually deterio- 
rates. This deterioration tends to worsen at elevated 
temperatures, such as those generated during fuel cell 
operation. The extrudable sealant material also tends to 
undergo chemical degradation when exposed to oxi- 
dants such as those found in fuel cells. Moreover, the 
use of extrudable sealant material required the machin- 
ing of grooves to carry the sealant in the electrode sheet 
material. The machining of such grooves into the elec- 
trode portion of the membrane electrode assembly of- 
tentimes damaged the membrane, and was also a time 
consuming and labor intensive task. 

SUMMARY OF THE INVENTION 

According to the invention, a membrane electrode 
and seal assembly for an electrochemical fuel cell com- 
prises first and second layers of porous electrically con- 
ductive sheet material, each having a central portion; a 
membrane interposed between the first and second lay- 
ers of sheet material; and first and second solid pre- 
formed gaskets. The layers of sheet material cover and 
support substantially the entire surface of the mem- 
brane. The layers of sheet material and the membrane 
have openings formed therein to accommodate the pas- 
sage of fluids through the assembly. In addition, each of 
the layers of sheet material has channels formed there- 
in, generally circumscribing the openings and the cen- 
tral port ton of the layers of sheet material. The solid pre- 
formed gaskets are disposed in the channels. The chan- 
nels are preferably die cut in the sheet material, but oth- 
er material removal techniques could be used as well, 
such as water jet machining and laser machining. The 
sheet material having channels machined therein is 
generally referred to as a "stencil". 

In the preferred embodiment, the membrane is a 
solid polymer ton exchange membrane and the sheet 
material comprises carbon fiber paper. Preferably, the 
membrane has a thickness of about 0.001 to about 
0.005 inches (0.0254 and 0,127 mm) and the gaskets 
have a thickness between about 0.01 2 and about 0.01 6 
inches (0.305 and 0.406 mm). The adhesive layer is 



about 0.002 inches (0.051 mm) thick, but compresses 
to much thinner, and has a negligible contribution to the 
final thickness of the membrane electrode and seal as- 
sembly. 

5 For the membrane electrode and seal assembly in 
the active or electricity-generating portion of the fuel cell 
stack, each of the layers of sheet material further in- 
cludes a catalyst, preferably platinum, disposed on the 
central portion thereof facing the membrane, thereby 

10 rendering that portion of the sheet material electrochem- 
ically active. 

The layers of sheet material and membrane and the 
seals or gaskets are preferably bonded together to form 
a consolidated membrane electrode and seal assembly. 

is The fluids passing through the assembly include fu- 
el gas, oxidant and coolant. The preferred coolants are 
water and ethylene glycol. The preferred material for the 
membranes is DuPonfs NAFION brand perfluorosulfon- 
ic ion exchange membranes and Dow*s experimental 
so perfluorosulfonic ion exchange membranes for fuel cell 
applications, particularly those sold by Dow under the 
trade designation XUS 13204.10. The preferred mate- 
rial for the gaskets is a thermoplastic elastomer, such 
as SANTOPRENE brand rubber, available through 

25 Monsanto Company. The preferred adhesive is 
SCOTCH brand 9471 high strength laminating adhe- 
sive, available as a two-sided adhesive sheet through 
3M Corporation. 

A method of forming a membrane electrode and 

30 seal assembly consists of the following steps. Two lay- 
ers of porous electrically conductive sheet material are 
provided, each having a central portion, a peripheral 
portion, openings formed in the peripheral portion to ac- 
commodate the passage of fluids, and a channel to ac- 

35 commodate a seal or gasket. As previously indicated, 
the sheet material layers having the gasket channel ma- 
chined therein are sometimes referred to as stencils. 
The channel generally circumscribes the openings and 
the central portion of the sheet material and is interrupt- 

40 . ed by bridges. A solid polymer electrolyte or membrane 
is provided having openings to accommodate the pas- 
sage of fluids therethrough. The membrane is bonded 
between the layers of sheet material to form a mem- 
brane electrode assembly. Next, the bridges are re- 

45 moved from the layers of sheet material. Finally, solid 
preformed gaskets are aligned with the channels in the 
sheet material and adhered to the membrane electrode 
assembly by the application of pressure. 

In practice, an adhesive layer having a peel-off 

50 backing is first applied to the preformed gasket. The 
gasket/adhesive combination is mounted in a fixture and 
held in place by application of a vacuum. The backing 
is then peeled off the gasket/adhesive combination, and 
the stencilled channels of the membrane electrode as- 

55 sembly are aligned over the gasket with exposed adhe- 
sive. A second gasket/adhesive combination mounted 
and held by vacuum in a second fixture is aligned over 
the stencilled channels on the opposite side of the mem- 
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brane electrode assembly. 

A membrane and seal assembly may also be pre- 
pared in a similar for use in the humidification portion of 
a fuel cell stack. Such an assembly comprises first and 
second flow field plates, a water permeable membrane 
interposed between the flow field plates, and two solid 
preformed gaskets. The flow field plates and the mem- 
brane have openings formed therein to accommodate 
the passage of fluids through the assembly. The flow 
field plates also have grooves formed in the surface of 
the plates facing the membrane, the grooves generally 
circumscribing the openings. The solid preformed gas- 
kets are disposed in the grooves. 

In the preferred embodiment of the membrane and 
seal assembly for use in the humidification portion of the 
fuel cell stack, the membrane is a solid polymer electro- 
lyte and the gaskets are formed of SANTOPRENE 
brand rubber. The preferred adhesive layer for bonding 
the gaskets to the membrane electrode assembly with 
stencilled channels is SCOTCH brand 9471 high 
strength laminating adhesive. Preferably, the flow field 
plates are about 0.2 inches (5.08 mm) thick, the grooves 
are about 0.024 inches (0.61 mm) deep, and the gaskets 
are each about 0.030 inches (0.76 mm) thick. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded side view of the stack assem- 
bly for a fuel cell incorporating a membrane electrode 
and seal assembly according to the invention. 

FIG. 2 is an end view of the fuel cell stack assembly 
illustrated in Figure 1. 

FIG. 3 is a an exploded perspective view of a mem- 
brane electrode and seal assembly according to the 
present invention. 

FIG. 4 is a side view of the membrane electrode and 
seal assembly of Figure 3 after consolidation. 

FIG. 5 is an exploded cross-sectional view of the 
membrane electrode and seal assembly according to 
the present invention, shown interposed between fluid 
flow field plates. 

FIG. 6 is a top view of a stencilled electrode sheet 
material layer according to the present invention. 

FIG. 7 is a top view of a preformed sealing gasket 
according to the present invention. 

FIG. 8 is a front diagrammatic view of a cooling wa- 
ter jacket. 

FIG. 9 is an enlarged cross-sectional view of the 
sealing groove in the cooling water jacket of Figure 8. 

Fl G. 1 0 is a graph of the performance data for a fuel 
cell stack comprising membrane electrode and seal as- 
semblies of the present invention. 

FIG. 11 is a graph comparing the performance of a 
fuel cell stack comprising membrane electrode and seal 
assemblies according to the present invention and a fuel 
cell stack comprising membrane electrode assemblies 
of an older, extruded sealant type. 

FIG. 12 is an exploded cross-sectional view of a 



membrane and seal assembly according to the present 
invention for use in the humidification portion of a fuel 
cell stack. 

FIG. 13 is an exploded cross-sectional view of a 
5 second embodiment of a membrane and seal assembly 
according to the present invention, shown interposed 
between fluid flow field plates. 
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Referring now to the drawings and, in particular, to 
Figure 1 , a fuel cell stack assembly is generally illustrat- 
ed in exploded form at 10. The stack assembly includes 
a pair of end plates 11,12 which conveniently are, re- 
ts spectively, a fluid end plate 11 and a compression end 
plate 1 2. Plates 1 1 and 1 2 terminate the stack assembly 
10, and a plurality of threaded tie rods 15 extend be- 
tween the end plates 1 1 , 1 2. Tie rods 1 5 are secured by 
tie rod nuts 120 to retain and hold the stack assembly 
20 10 in its assembled condition. 

An electrical isolation plate 14 is positioned inside 
the end plate 1 1 . A piston 1 7 is positioned within the end 
plate 12. Bus plates 20, 21 are located on opposite ends 
of the stack assembly 1 0 as indicated and carry the volt- 
25 age and current generated by the fuel cell stack 10. 
Cooling water jackets 22, 23 are located immediately 
inside the buss plates 20, 21 . 

The stack assembly 1 0 includes an "active" section , 
generally illustrated at 24, and a "humidification" sec- 
30 tion, generally illustrated at 30. The active section 24 
includes, in addition to the bus plates 20, 21 and cooling 
water jackets 22, 23, a plurality of identical assemblies 
illustrated generally at 31. Each assembly 31 consists 
of three flow field plates 32, 33, 34 and two membrane 
35 electrode and seal assemblies 40 which are interposed 
between the flow field plates 32, 33, 34. In each assem- 
bly 31 , the left-most flow field plate 32 carries the fuel in 
the form of hydrogen gas on one side and, optionally, 
coolant in channels on the opposite side. MEAs 40 are 
40 interposed between plates 32 and 33. The center flow 
field plate 33 carries the oxidant in the form of oxygen 
or air on one side and hydrogen on the opposite side. 
The rightmost plate 34 carries the oxidant on the side 
adjacent the membrane electrode and seal assembly 40 
45 and, optionally, coolant on the opposite side. This con- 
figuration of the assembly 31 provides for the hydrogen 
and the oxidant to be located on opposite sides of each 
membrane electrode and seal assembly 40 and also 
provides for a coolant flow field plate to be located ad- 
50 jacent each membrane electrode assembly 40. This 
configuration is typical and extends throughout the ac- 
tive section 24. 

The humidification section 30 of the fuel cell stack 
1 0 includes a plurality of oxidant humidification flow field 
55 plates 41 generally located on the left hand side of the 
humidification section 30 illustrated in Figure 1 and a 
plurality of fuel humidification flow field plates 42 gener- 
ally located on the right hand side of the humidification 
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section 30. The humidification section 30 also includes 
a plurality of fuel humidification membranes 37 and a 
plurality of oxidant humidification membranes 36 posi- 
tioned between the fuel humidification flow field plates 
42 and the oxidant flow field plates 41 , respectively. Hu- 
midification water jacket plates 39 carry humidifying wa- 
ter through the humidification section 30 of the fuel cell 
stack. 

The humidification section 30 acts to humidify the 
gases used in the active section of the fuel cell stack so 
that the solid polymer ion exchange membranes in the 
active section 24 remain moist or wet. In general, hydro- 
gen ions will diffuse less readily through solid polymer 
ion exchange membranes if the membranes are allowed 
to dry. A lower rate of hydrogen diffusion will in turn re- 
duce overall cell efficiency. The humidification section 
30 is intended to prevent the membranes from drying by 
humidifying the fuel and oxidant gases fed to the active 
section 24. 

The humidification section 24 also differs from the 
active section 30 in that there is no electricity produced 
in the humidification section 30 whereas in the active 
section 24 electricity is produced. In the active section, 
catalyst in the form of platinum is present on the layers 
of carbon fiber paper contained in the membrane elec- 
trode assemblies 40, rendering that portion of the layers 
of carbon fiber paper electrochemical ly active. 

Figure 2 is an end view of the fuel cell stack assem- 
bly 10 illustrated in Figure 1, showing a hydrogen (fuel) 
gas inlet 71 , a hydrogen (fuel) gas outlet 72, an air (ox- 
idant) inlet 73, an air (oxidant) outlet 74, a water inlet 75 
and a water outlet 76. Figure 2 also shows an end plate 
12, a piston 17, and tie rod nuts 120. 

The membrane electrode and seal assemblies 40 
in the active section 24 are identical. A typical mem- 
brane electrode and seal is illustrated at 40 in Figures 
3-4. Each membrane electrode and seal assembly 40 
comprises five elements, namely, a first layer comprised 
of a porous electrically conductive sheet material, con- 
veniently a porous carbon fiber paper 44; a second layer 
comprised of an electrolyte material which is a solid pol- 
ymer ion exchange membrane 43; a third layer com- 
prised of a porous electrically conductive sheet material, 
conveniently formed of carbon fiber paper 50; and two 
solid preformed gaskets 62, 63. The layers of carbon 
fiber paper 44, 50 support the membrane 43 therebe- 
tween to form a consolidated membrane electrode as- 
sembly or MEA. The carbon fiber paper layers 44, 50 
are each treated with a catalyst 54 on the surfaces ad- 
jacent and in contact with the membrane 43, thus form- 
ing electrodes. The treated area coincides with the flow 
field of the flow field plates 32, 33 which carry the gases 
to the carbon fiber paper layers 44, 50. 

A solid polymer ion exchange membrane 43 is con- 
veniently used which has a conventional thickness of 
approximately 0.007 inches (0,1 78 mm). lh\s thickness 
was necessary to reduce tearing and other damage 
when the membrane is in an unsupported configuration. 



it is believed that a membrane of a reduced thickness 
can be used if the membrane is supported according to 
the present invention. Indeed, performance compari- 
sons made to date indicate that, with a constant cell ter- 
s minal voltage, a membrane having a reduced thickness 
will give enhanced current density. For example, with a 
membrane cell voltage of 0.6 volts, a DOW 4 membrane 
with a thickness of 0.0063-0.0066 inches (0. 1 60 - 0. 1 68 
mm) exhibits a current density of approximately 2400 
10 amperes per square foot, whereas with the same volt- 
age, a DOW 2 membrane having a thickness of 
0.0035-0.0039 inches (0.089 - 0.099 mm) provides a 
current density of approximately 3200 amperes per 
square foot (34400 Amperes per m 2 ), the only difference 
is between the two membranes being one of thickness. 

Referring to the membrane electrode and seal as- 
sembly 40 of Figures 3-4, the two layers of carbon fiber 
paper 44, 50 support the membrane 43 completely ther- 
ebetween so as to form a consolidated unit. It will be 
20 particularly noted that the membrane 43 is interposed 
between the layers of carbon fiber paper 44, 50 over 
substantially all of the membrane's surface area and 
that the air outlet opening 51, the air inlet opening 52, 
the water outlet opening 111, the water inlet opening 
25 112, the hydrogen outlet opening 1 1 3, and the hydrogen 
inlet opening 1 1 4 extend through not only the membrane 
43 but also through the carbon fiber paper layers 44, 50. 

Afuel gas, conveniently hydrogen, is supplied to the . 
back of one of the porous electrodes (the side away from 
30 the membrane) while an oxidant such as oxygen or air 
is supplied to the back of the other electrode. The elec- 
trochemical process thereby carried out consumes the 
fuel and oxidant and produces an electric current which 
can then be drawn from the porous electrodes. The 
35 membrane 43 is designed to permit the diffusion of hy- 
drogen ions through the membrane 43 while being sub- 
stantially impervious to hydrogen and oxygen mole- 
cules. A catalyst 54, in the present case platinum, is add- 
ed to the surface area of each of the carbon fiber paper 
40 surfaces adjacent the membrane 43. The catalyst pro- 
motes the electrochemical reaction of hydrogen and ox- 
ygen, renders the carbon fiber paper electron em ically 
active and thereby produces the electrical current col- 
lected at the bus plates 20, 21 . 
45 With reference now to Figures 3, 5 and 6, channels 
60, 61 are formed in the layers of carbon fiber paper 44, 
50, respectively, to form stencilled electrodes having 
channels in the surface thereof to accommodate pre- 
formed gaskets. The channels extend to each side of 
so the membrane as illustrated in Figure 5. Solid preformed 
gaskets 62, 63 are placed within the channels 60, 61, 
respectively, upon assembling the fuel cell stack 10. 

Figure 7 shows a solid preformed gasket 62 suitable 
for use with the membrane electrode and seal assembly 
55 of Figures 3-4. According to the invention, a second sol- 
id preformed gasket, designated by the number 63 in 
Figures 3 and 5 and the mirror image of the first solid 
preformed gasket 62, is disposed on the opposite side 
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of the membrane 43. Both gaskets 62, 63 are configured 
to generally circumscribe the fluid passage openings 51 , 
52, 111, 112, 113, 114 and the electrochemical ly active 
portion of the membrane 43. 

The preferred material for the gaskets 62, 63 is 
SANTOPRENE brand elastomer because of its chemi- 
cal compatibility with the fuel cell stack components and 
its stability under compression. In particular, this mate- 
rial exhibits good compression set in that it does not ap- 
preciably reduce in thickness under pressure over time. 
SANTOPRENE brand rubber is available in sheets com- 
prising a layer of SANTOPRENE brand rubber having 
adhesive on one side with a paper backing that can be 
readily removed. To manufacture a solid preformed gas- 
ket, a sufficient amount of gasket material is placed un- 
der a metal die which is used to punch out the gasket. 
The gaskets used in the electrochemically active portion 
of the fuel cell stack are preferably about 0.01 2 to about 
0.016 inches (0.305 to 0.406 mm) thick. The gaskets 
used in the humidification portion of the fuel cell stack 
are preferably about 0.030 inches (0.762 mm) thick. 

Catalyst, typically a platinum based/compound, is 
applied to the carbon fiber paper electrodes 44, 50 to 
render them electrochemically active. The electrodes 
44, 50 are die cut to form the coolant, oxidant and fuel 
inlet and outlet openings (represented by openings 51 , 
52, 111, 112, 113 and 114 in Figure 6), the guide pin 
holes 121, 122 used for assembly purposes, and the 
sealing grooves or channels 60, 61 to accommodate the 
solid preformed gaskets. Bridges or tabs 69 are left in 
the channels at various points to keep each stencilled 
layer of carbon fiber paper in a single piece. Preferably, 
the bridges in one stencilled electrode are offset from 
the bridges in the other stencilled electrode. In this way, 
the bridges tend not to bond with the membrane when 
the stencilled electrodes and membrane are pressed to- 
gether because the offset bridges do not undergo suffi- 
cient bonding pressure to adhere to the membrane. In 
the preferred embodiment, the bridges are about 0.10 
inches (2.54 mm) wide. 

Next, the carbon fiber paper electrodes 44, 50 are 
consolidated with a solid polymer ion exchange mem- 
brane 43 to form a membrane electrode assembly. The 
layers of carbon fiber paper 44, 50 are bonded to the 
membrane 43 by the application of heat and pressure. 
The bonding process involves placing the membrane 
electrode assembly in a press at a temperature and 
pressure sufficient to consolidate the assembly. Further 
cooling completes the bonding process. 

The bridges 69 are then removed from the channels 
60, 61 in the layers of carbon fiber paper 44, 50 using a 
knife or other appropriate tool. Care is taken not to dam- 
age the membrane 43 during this step. 

Next, a second die is used to cut openings in the 
membrane 43 corresponding to the coolant, oxidant and 
fuel inlet and outlet openings and guide pin holes in the 
carbon fiber paper electrodes 44, 50. 

Finally, the solid preformed gaskets 62, 63 are add- 



ed to the membrane electrode assembly. The gaskets 
62, 63 are each placed adhesive side up in an assembly 
fixture and held in place by vacuum pressure. The mem- 
brane electrode assembly is installed into another fix- 
5 ture by aligning the guide pin holes 1 21 , 122 located in 
diagonally-opposite corners of the membrane electrode 
assembly with guide pins located on the fixture. The fix- 
tures are oriented such that the gaskets 62, 63 are 
aligned with the channels 60, 61 in the carbon fiber pa- 
10 per electrodes 44, 50. The fixtures holding the gaskets 
62, 63 are then each in turn pressed against the fixture 
holding the membrane electrode assembly by the appli- 
cation of hand pressure to affix the seal or gasket to the 
membrane electrode assembly. The entire assembly, in- . 
is eluding the membrane electrode assembly and the two 
gaskets, may be referred to as a membrane electrode 
and seal assembly, or gasketed ME A. 

The fuel cell stack 10 is then assembled" by using 
the guide pin holes 121, 122 as guides for guide pins. 
20 The various components are stacked together and, 
when assembled, the nuts 120 (see Figure 1) on the 
ends of the tie rods of fuel cell stack 10 are torqued to 
apply suitable compressive force. 

As noted above and shown in Figure 1 , cooling wa- 
25 ter jackets 22, 23 are located immediately inside the bus 
plate 20, 21 and adjacent to the flow field plates 32, 34 
in the fuel cell stack 10. A cooling water jacket 22 is il- 
lustrated in Figures 8 and 9. One side 102 of the plate 
22 is blank. The opposite side 103 has a plurality (typi- 
30 cally ten) of liquid carrying grooves formed therein to 
car ry the coolant, preferably water, from th e coolant inlet 
1 00 to the coolant outlet 1 01 , although only one groove 
49 is illustrated in Figure 8 for simplicity. In addition, a 
plurality of openings (not shown) extend through the 
35 plate 22 to allow for passage of the hydrogen and the 
air or oxidant through the plate 22. 

The cooling water jacket 22 is mounted against the 
blank side of the flow field plate 32 (see Figure 1). To 
that end, it is necessary to seal the plate 22 against the 
40 blank side of flow field plate 32 to prevent the escape of 
water. Reference is made to sealing groove 104 in Fig- 
ures 8 and 9 in which a solid preformed gasket 110 is 
disposed. Groove 104 is machined in the cooling water 
jacket 22 and a solid preformed gasket 110 is placed 
45 into the sealing groove 1 04 during assembly of the fuel 
cell stack 10 but prior to assembling the cooling water 
jacket 22 against the flow field plate 32. 

Performance data for a fuel cell stack comprising 
membrane electrode and seal assemblies according to 
so the present invention are provided in Figure 10. As Fig- 
ure 10 shows, such a fuel cell stack was operated for 
about 600 hours at a voltage of about 0.67-0.68 volts, 
producing a current of about 0.58-0.59 amperes. After 
600 hours of constant operation, the test station was 
55 changed, decreasing the voltage to about 0.66 volts and 
increasing the current to about 0.64 amperes. 

Figure 11 provides a comparison of the perform- 
ance of a fuel cell stack comprising membrane electrode 
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and seal assemblies according to the present invention 
and a fuel cell stack comprising membrane electrode as- 
semblies of an older, extruded sealant type. The fuel cell 
stack comprising the older type membrane electrode as- 
semblies exhibited external leakage of gases soon after 
start-up. Cumulative leakage reached about 2300 
standard cubic centimeters (SCCM) after about 1000 
hours of operation. 

By contrast, a fuel cell stack comprising membrane 
electrode and seal assemblies according to the present 
invention exhibited no external leakage after approxi- 
mately 700 continuous hours of operation. In a single 
fuel cell, no external leakage was observed after ap- 
proximately 1100 hours. 

In addition to employing the membrane electrode 
and seal assembly in the electrochemically active por- 
tion of the fuel cell stack, a membrane and seal assem- 
bly can be used in the humidification portion of the fuel 
cell stack. In the humidification portion of the fuel cell 
stack, an unsupported membrane can be used in place 
of the supported membrane. In the preferred embodi- 
ment, there are no layers of carbon fiber paper to sup- 
port the membrane. Instead, the unsupported mem- 
brane is interposed between fluid flow plates. Sealing 
grooves are formed in the surfaces of the fluid flow 
plates facing the membrane, circumscribing the fluid in- 
let and outlet holes and the portion of the membrane 
used for humidification. Solid preformed gaskets are 
disposed in the sealing grooves. 

This preferred embodiment of a membrane and seal 
assembly for the humidification portion of the fuel cell 
stack is shown in Figure 12. A membrane 43 is inter- 
posed between fluid flow plates, in this instance an ox- 
idant humidification flow field plate 41 and a humidifica- 
tion water jacket 39. Sealing grooves 67, 68 are formed 
in the surfaces of the oxidant humidification flow field 
plate 41 and the humidification water jacket 39, respec- 
tively. Solid preformed gaskets 82, 83 are disposed in 
the sealing grooves 67, 68. 

Preferably, the humidification water jacket and the 
fluid flow plate are about 0.2 inches (5.08 mm) thick, the 
grooves are about 0.026 inches (0.66 mm) deep, and 
the gaskets are about 0.030 inches (0.76 mm) thick. 
These relative dimensions insure good sealing action. 

Alternatively, a fully supported membrane and seal 
assembly can also be employed in the humidification 
portion of a fuel cell stack. For ease of manufacture, the 
membrane and seal assembly in the humidification por- 
tion can be formed of the same membrane and conduc- 
tive sheet material (preferably carbon fiber paper) as 
that used in the electrochemically active portion. In the 
humidification portion, however, the carbon fiber paper 
is generally not coated with catalyst. 

Figure 13 illustrates a membrane and seal assem- 
bly for the humidification portion of a fuel cell stack. The 
water vapor exchange membrane 43 is interposed be- 
tween layers of carbon fiber paper 44, 50. As with the 
membrane electrode and seal assembly for the electro- 



chemically active portion of the fuel cell stack, channels 
80, 81 are formed in the layers of carbon fiber paper. 
Solid preformed gaskets B2, 83 are disposed in the 
channels. In the illustrated embodiment, the entire 

5 membrane and seal assembly is interposed between an 
oxidant humidification flow field plate 41 and a humidi- 
fication water jacket plate 39. 

Many further modifications will readily occur to 
those skilled in the art to which the invention relates. 

10 The specific embodiments described herein should be 
taken as illustrative of the invention only and not as lim- 
iting its scope in accordance with the accompanying 
claims. 
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Claims 

1. A membrane electrode and seal assembly for an 
electrochemical fuel cell comprising: 

first and second layers of porous electrically 
conductive sheet material, each having a cen- 
tral portion; 

a membrane interposed between said first and 
second layers of sheet material; and 
first and second preformed gaskets; 
wherein said layers of sheet material cover and 
support substantially the entire surface of said 
membrane; said layers of sheet material and 
said membrane have openings formed therein 
to accommodate the passage of fluids through 
said assembly; each of said layers of sheet ma- 
terial having channels formed therein, said 
channels generally circumscribing said open- 
ings and said central portion; said first and sec- 
ond preformed gaskets being disposed in said 
channels. 

2. The membrane electrode and seal assembly of 
claim 1 wherein said membrane is a solid polymer 
ion exchange membrane. 



3. The membrane electrode and seal assembly of 
claim 2 wherein said sheet material comprises car- 

45 bon fiber paper. 

4. The membrane electrode and seal assembly of 
claim 2 wherein said membrane has a thickness be- 
tween about 0.001 and about 0.005 inches (0.0254 

so and 0.127 mm). 

5. The membrane electrode and seal assembly of 
claim 4 wherein said gaskets have a thickness be- 
tween about 0.012 and about 0.016 inches (0.305 

55 and 0.406 mm). 

6. The membrane electrode and seal assembly of 
claim 1 wherein each of said layers of sheet material 
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further includes a catalyst disposed on the central 
portion of said sheet material facing said mem- 
brane, said layers of sheet material rendered elec- 
trochemically active in the portion containing said 
catalyst. 

7. The membrane electrode and seal assembly of 
claim 6 wherein said catalyst comprises platinum. 

8. The membrane electrode and seal assembly of 
claim 6 wherein said layers of sheet material and 
said membrane are bonded together to form a con- 
solidated membrane electrode assembly, and said 
first and second solid preformed gaskets are ad- 
hered to said consolidated membrane electrode as- 
sembly to form a consolidated membrane electrode 
and seal assembly. 

9. The membrane electrode and seal assembly of 
claim 6 wherein said fluids include fuel gas, oxidant 
and coolant. 

10. The membrane electrode and seal assembly of 
claim 9 wherein said fuel gas comprises hydrogen, 
said oxidant comprises oxygen-containing air, and 
said coolant is fluid selected from the group consist- 
ing of water and ethylene glycol. 

11. The membrane electrode and seal assembly of 
claim 1 wherein said gaskets are formed from a sol- 
id thermoplastic elastomeric material. 

12. The method of forming a membrane electrode and 
seal assembly comprising the steps of: 

providing two layers of porous electrically con- 
ductive sheet material, each having a central 
portion, a peripheral portion, openings formed 
in said peripheral portion to accommodate the 
passage of fluids through said layers of sheet 
material, and a channel to accommodate a gas- 
ket, said channel generally circumscribing said 
openings and said central portion and interrupt- 
ed by bridges; 

providing a solid polymer ion exchange mem- 
brane having openings to accommodate the 
passage of fluids through said membrane; 
bonding said solid polymer ion exchange mem- 
brane between said layers of porous electrically 
conductive sheet material to form a membrane 
electrode assembly, said layers of sheet mate- 
rial covering and supporting substantially the 
entire surface of said membrane; 
removing said bridges from said layers of sheet 
material; 

aligning solid preformed gaskets in said chan- 
nels; and 

adhering said gaskets to said membrane elec- 



trode assembly within said channels. 

13. The method of claim 1 2 further comprising the step 
of applying a mixture comprising catalyst and a hy- 

5 drophilic polymeric composition to the surface of 
each of said layers of sheet material facing said 
membrane prior to bonding said polymer ion ex- 
change membrane between said layers of porous 
electrically conductive sheet material. 

10 

14. The method of claim 13 wherein said hydrophilic 
polymeric composition comprises polytetrafluoro- 
ethylene . 

is 15. The method of claim 1 3 wherein said catalyst com- 
prises platinum. 

16. The method of claim 1 2 wherein said bridges in one 
of said layers of sheet material are offset from said 

20 bridges in the other of said layers of sheet material. 

17. A membrane and seal assembly for the humidifica- 
tion section of an electrochemical fuel cell compris- 
ing: 

25 

first and second flow field plates; 
a water permeable membrane interposed be- 
tween said first and second flow field plates; 
and 

30 first and second preformed gaskets; 

wherein said first and second flow field plates 
and said membrane have openings formed 
therein to accommodate the passage of fluids 
through said assembly; each of said first and 
35 second flow field plates has grooves formed in 

the surface facing said membrane, said 
grooves generally circumscribing said open- 
ings; and said first and second solid preformed 
gaskets are disposed in said grooves. 

40 

18. The membrane and seal assembly of claim 17 
wherein said membrane is a solid polymer ion ex- 
change membrane. 

45 19. The membrane and seal assembly of claim 17 
wherein said gaskets are formed from a solid ther- 
moplastic elastomeric material. 

20. The membrane and seal assembly of claim 19 
50 wherein said first and second flow field plates are 
about 0.2 inches (5.08 mm) thick, said grooves are 
about 0.026 inches (0.61 mm) deep, and said gas- 
kets are about 0.03 inches (0.76 mm) thick. 

55 21. A membrane and seal assembly for the humidifica- 
tion section of an electrochemical fuel cell compris- 
ing: 
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first and second layers of porous sheet materi- 
al; 

a water permeable membrane interposed be- 
tween said first and second layers of porous 
sheet material; and 5 
first and second solid preformed gaskets; 
wherein said layers of sheet material and said 
membrane have openings formed therein to ac- 
commodate the passage of fluids through said 
assembly; each of said layers of sheet material '0 
has channels formed therein, said channels 
generally circumscribing said openings; and 
said first and second solid preformed gaskets 
are disposed in said channels. 

15 

PatentansprOche 

1. Membran-Elektroden-Abdichtungs-Baugruppe fur 
eine eleklrochemische Brennstoffzelle, welche auf- 20 
weist: 

erste und zweite Lagen aus porosem, elek- 
trisch leitfahigem Flachmaterial mit jeweils ei- 
nem zentralen Bereich; 25 

eine zwischen den ersten und zweiten Flach- 
materiallagen angeordnete Membran; sowie 

erste und zweite vorgeformte Dichtungen, 30 

wobei die Flachmateriallagen im wesentlichen 
die ganze Oberflache der Membran bedecken 
und tragen, in den Flachmateriallagen und der 
Membran den DurchlaB von Fluiden durch den 35 
Bausatz ermoglichende Offnungen gebildet 
sind, in jeder der Flachmateriallagen Kanale 
ausgebildet sind, welche im wesentlichen die 
Offnungen und die zentralen Bereiche um- 
schreiben, und die ersten und zweiten vorge- *o 
formten Dichtungen in diesen Kanalen ange- 
ordnet sind. 

2. Membran-Elektroden-Abdichtungs-Baugruppe 

nach Anspruch 1 , wobei die Membran eine polyme- & 
re Feststoff-lonenaustauschmembran ist. 

3. Membran-Elektroden-Abdichtungs-Baugruppe 
nach Anspruch 2, bei der das Flachmaterial Kohle- 
faserpapier aufweist. 50 

4. Membran-Elektroden-Abdichtungs-Baugruppe 
nach Anspruch 2, bei der die Membran eine Dicke 
zwischen ungefahr 0,001 und ungefahr 0,005 1 
(0,0254 und 0, 1 27 mm) hat. 55 

5. Membran-Elektroden-Abdichtungs-Baugruppe 
nach Anspruch 4, bei der die Dichtungen eine Dicke 



zwischen ungefahr 0,012 und ungefahr 0,016 ' 
(0,305 und 0,406 mm) haben. 

6. Membran-Elektroden-Abdichtungs-Baugruppe 
nach Anspruch 1 , bei der jede der Flachmaterialla- 
gen auBerdem einen Katalysator enthalt, welcher 
auf dem der Membran zugewandten zentralen Be- 
reich der betreffenden Flachmateriallage angeord- 
net ist, so daB die Flachmateriallagen in den den 
Katalysator enthaltenden Bereichen elektroche- 
misch aktiv sind. 

7. Membran-Elektroden-Abdichtungs-Baugruppe 
nach Anspruch 6, bei der der Katalysator Platin ent- 
halt. 

8. Membran-Elektroden-Abdichtungs-Baugruppe 
nach Anspruch 6, bei der die Flachmateriallagen 
und die Membran aneinander haften und so eine 
zusammenhangende Membran-Elektroden-Bau- 
gruppe bilden, und bei der die ersten und zweiten 
vorgeformten Dichtungen an dieser zusammen- 
hangenden Membran-Elektroden-Baugruppe an- 
haften, um eine zusammenhangende Membran- 
Elektroden-Abdichtungs-Baugruppe zu bilden. 

9. Membran-Elektroden-Abdichtungs-Baugruppe 
nach Anspruch 6, bei der die Fluide ein Brennstoff- 
gas, ein Qxidationsmittel und ein Kuhlmittel umfas- 
sen. 

1 0. Membran-Elektroden-Abdichtungs-Baugruppe 
nach Anspruch 9, bei der das Brennstoffgas Was- 
serstoff enthalt, das Oxidationsmittel Sauerstoff- 
enthaltende Luft enthalt und das Kuhlmittel ein Fluid 
aus der Wasser und Ethylenglycol enthaltenden 
Gruppe ist. 

1 1 . Membran-Elektroden-Abdichtungs-Baugruppe 
nach Anspruch 1 , bei der die Dichtungen aus einem 
thermoplastischen, elastomeren Feststoff material 
gebildet sind. 

12. Verfahren zur Bildung einer Membran-Elektroden- 
Abdichtungs-Baugruppe, welches folgende Schrit- 
te umfaBt: 

Bereltstellung zweier Lagen aus porosem, 
elektrisch leitfahigem Flachmaterial, deren je- 
de einen zentralen Bereich, einen peripheren 
Bereich, in letzterem gebildete, einen DurchlaB 
von Fluiden durch die Flachmateriallagen er- 
moglichende Offnungen sowie einen Kanal fOr 
die Aufnahme einer Dichtung aufweist, wobei 
der Kanal die Offnungen und den zentralen Be- 
reich im wesentlichen umschreibt und durch 
Brucken unterbrochen ist; 
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Bereitstellung einer polymeren Feststoff-lo- 
nenaustauschmembran, welche einen Durch- 
laB von Fluiden durch die Membran ermogli- 
chende Offnungen aufweist; 

Herstellung einer Haftverbindung zwischen 
den porosen, elektrisch leitfahigen Flachmate- 
riallagen und der zwischen lelzteren angeord- 
neten polymeren Feststoff-lonenaustausch- 
membran, urn eine zusammenhangende Mem- 
bran-Elektroden-Baugruppe zu bilden, wobei 
die Flachmateriallagen im wesentlichen die 
ganze Oberflache der Membran bedecken und 
tragen; 

Entfemen der Brucken von den Flachmaterial- 
lagen; 

Ausrichten von vorgefonmten Feststoff-Dich- 
tungen in den Kanalen; und 

Herstellung einer Haftverbindung zwischen 
den Dichtungen und der Membran-Elektroden- 
Baugruppe innerhalb der Kanale. 

13. Verfahren nach Anspruch 12, bei dem als weiterer 
Schritt eine Mischung, welche einen Katalysator 
und eine hydrophile polymere Zusammensetzung 
enthalt, aul die der Membran zugewandte Oberfla- 
che einer jeden der Flachmateriallagen aufge- 
bracht wird, ehe die Haftverbindung zwischen den 
porosen, elektrisch leitfahigen Flachmateriallagen 
und der zwischen den letzteren angeordneten po- 
lymeren lonenaustauschmembran hergestellt wird. 

14. Verfahren nach Anspruch 1 3, bei dem die hydrophi- 
le polymere Zusammensetzung Polytetrafluorethy- 
len enthalt. 

15. Verfahren nach Anspruch 13, bei dem der Kataly- 
sator Platin enthalt. 

16. Verfahren nach Anspruch 12, bei dem die Brucken 
in einer der Flachmateriallagen gegenuber den 
Brucken in der anderen Flachmateriallage versetzt 
sind. 



wobei in den ersten und zweiten Stromungs- 
feld-Platten sowie in der Membran einen 
DurchlaB von Fluiden durch die Baugruppe er- 
moglichende Offnungen vorgesehen sind, jede 

5 der ersten und zweiten Strdmungsfeld-Platten 

in der der Membran zugewandten Oberflache 
gebildete Nuten besitzt, welche die Offnungen 
im wesentlichen umschreiben, und wobei die 
ersten und zweiten vorgeformten Dichtungen in 

10 diesen Nuten angeordnet sind. 

18. Membran- Abdichtungs-Baugruppe nach Anspruch 
17, bei der die Membran eine polymere Feststoff- 
lonenaustauschmembran ist. 

15 

19. Membran-Abdichtungs-Baugruppe nach Anspruch 
17, bei der die Dichtungen aus einem thermoplasti- 
schen, elastomeren Feststoff mate rial gebildetsind. 

20 20. Membran-Abdichtungs-Baugruppe nach Anspruch 
19, bei der die ersten und zweiten Stromungsfeld- 
Platten ungefahr 0,2 " (5,08 mm) dick sind, die Nu- 
ten ungefahr 0,026 " (0,61 mm) tief sind und die 
Dichtungen ungefahr 0,03 1 (0,76 mm) dick sind. 

25 

21. Membran-Abdichtungs-Baugruppe fur den Be- 
feuchtungsabschnitt einer elektrochemischen 
Brennstoffzelle, welche aufweist: 

30 erste und zweite porose Flachmateriallagen; 

eine fur Wasser permeable, zwischen die er- 
sten und zweiten porosen Flachmateriallagen 
eingefugte Membran und 

35 

erste und zweite vorgeformte Feststoff-Dich- 
tungen, 

wobei in den Flachmateriallagen und der Mem- 
40 bran einen DurchlaB von Fluiden durch die 

Baugruppe ermoglichende Offnungen gebiidet 
sind, in jeder der Flachmateriallagen Kanale 
gebiidet sind, welche die Offnungen im wesent- 
lichen umschreiben, und wobei erste und zwei- 
45 te vorgeformte Dichtungen in diesen Kanalen 

angeordnet sind. 



17. Membran-Abdichtungs-Baugruppe fur den Be- 
feuchtungsabschnitt einer elektrochemischen 
Brennstoffzelle, welche aufweist: 

erste und zweite Stromungsfeld-Piatten; 

eine zwischen die ersten und zweiten Strd- 
mungsfeld-Platten eingefugte, fur Wasser per- 
meable Membran; sowie 

erste und zweite vorgeformte Dichtungen; 



Revendicatlons 

1 . Ensemble de membrane, cTelectrode et de garnitu- 
re d'6tanch6rt6 pour pile a combustible electrochi- 
mique, comprenant : 

une premiere et une deuxieme couches de ma- 
teriau electroconducteur poreux en feuille, 
comportant chacune une partie centraie ; 
une membrane interposee entre la premiere et 
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la deuxieme couches de mat6riau en f euille ; et 
un premier et un deuxieme joints d'6tanch6it6 
preform 6s ; 

les couches de mat6riau en feuille, recouvrant 9. 
et supportant sensiblement toute la surface de $ 
la membrane ; ces couches de materiau en 
feuille et la membrane comportant des ouver- 
tures formers dans celles-ci, pour permettre le 
passage de fiuides a travers cet ensemble; 1( 
chacune des couches de mat6riau en feuille 10 
comportant des canaux formes dans celles-ci, 
ces canaux deTimitant geYi6ralement lesdites 
ouvertures et ladite partie centrale ; le premier 
et le deuxieme joints d'6tanch6it6 pr6formes 
6tant disposes dans ces canaux. 15 1 

Ensemble de membrane, d'electrode et de garnitu- 
re d'§tanch6it6 selon la revendication 1 , dans lequel 
la membrane est une membrane echangeuse 
d'ions de polymere solide. 20 1 

Ensemble de membrane, d'electrode et de garnitu- 
re d'6tanch6it6 selon la revendication 2, dans lequel 
ie materiau en feuille comprend du papier de fibres 
de carbone. 25 

Ensemble de membrane, d'electrode et de garnitu- 
re d'6tanch6ite selon la revendication 2, dans lequel 
la membrane a une epaisseur de 0,001 & environ 
0,005 pouce (de 0,0254 a 0, 1 27 mm). 30 

Ensemble de membrane, d'electrode et de garnitu- 
re d'6tancheite selon la revendication 4, dans lequel 
les joints d'etancheite ont une epaisseur d'environ 
0,012 a environ 0,016 pouce (de 0,305 a 0,406 35 
mm). 

Ensemble de membrane, d'electrode et de garnitu- 
re d'6tanch6it6 selon la revendication 1 , dans lequel 
chacune des couches de materiau en feuille, com- *o 
prend en outre un catalyseur dispose sur la partie 
centrale du materiau en feuille en 6tant oriente vers 
ladite membrane, lesdites couches de materiau en 
feuille 6tant rendues eiectrochimiquement actives 
dans la partie contenant ce catalyseur. 45 

Ensemble de membrane, d'electrode et de garnitu- 
re d'6tanch6it6 selon la revendication 6. dans lequel 
le catalyseur comprend du platine. 

so 

Ensemble de membrane, cTelectrode et de garnitu- 
re d'etancheite selon la revendication 6, dans lequel 
les couches de materiau en feuille et ladite mem : 
brane, sont tides ensemble pour former un ensem- 
ble de membrane et d'electrode consolide, et le pre- 55 
mier et le deuxieme joints d'etancheite solides pre- 
formed, sont coII6s audit ensemble de membrane 
et d'electrode consolide, pour former un ensemble 



consolide de membrane, d'electrode etde garniture 
d'etanchelte. 

Ensemble de membrane, d'electrode et de garnitu- 
re d'6tanch6it6 selon la revendication 6, dans lequel 
lesdits fiuides comprennent un gaz combustible, un 
oxydant et un r6frig6rant. 

Ensemble de membrane, d'electrode et de garnitu- 
re d'6tanch6ite selon la revendication 9, dans lequel 
le gaz combustible comprend de I'hydrogene, I'oxy- 
dant comprend de Pair oxyg6n6, et le r6frig6rant est 
un fluide choisi parmi I'eau et l'6thyleneglycol. 

Ensemble de membrane, d'electrode et de garnitu- 
re d'etancheite selon la revendication 8, dans lequel 
les joints d'etancheite sont formes & partir d'un ma- 
teriau eiastomere thermoplastique solide. 

Proc6d6 de fabrication d'un ensemble de membra- 
ne, d'electrode et de garniture d'etancheite, com- 
prenant les Stapes consistant a : 

on fournit deux couches de materiau eiectro- 
conducteur poreux en feuille, comportant cha- 
cune une partie centrale, une partie p6riph6ri- 
que, des ouvertures formers dans la partie pe- 
riph6rique afin de permettre le passage de fiui- 
des a travers ces couches de materiau en 
feuille, et un canal pour loger un joint d'etan- 
cheite, ce canal deTimitant g6n6ralement lesdi- 
tes ouvertures et la partie centrale, et etant in- 
terrompu par des ponts ; 
on fournit une membrane echangeuse d'ions 
de polymere solide, comportant des ouvertures 
pour permettre le passage de fiuides a travers 
cette membrane ; 

on lie cette membrane echangeuse d'ions de 
polymere solide entre lesdites couches de ma- 
teriau en feuille poreux eiectroconducteur, pour 
former un ensemble de membrane et d'electro- 
de, lesdites couches de materiau en feuille re- 
couvrant et supportant sensiblement toute la 
surface de la membrane ; 
on elimine les ponts desdites couches de ma- 
teriau en feuille ; 

on aligne des joints d'etancheite solides prefor- 
med dans lesdits canaux ; et 
on colle les joints d'etancheite a I'ensemble de 
membrane et d'electrode, a I'int6rieur desdits 
canaux. 

3. Precede selon la revendication 1 2, comprenant en 
outre Petape o° application cfun melange compre- 
nant un catalyseur et une composition a base de 
polymere hydrophile, sur la surface de chacune des 
couches de materiau en feuille orients vers la mem- 
brane, avant de lier la membrane echangeuse 
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d'ions de polymere entre lesdites couches de ma- 
terial; electroconducteur poreux en f euilles. 

14. Proced6 selon la revendication 13, dans lequel !a 
composition a base de polymere hydrophile, com- s 
prend du polytetrafluoroethylene. 

15. Procede selon la revendication 13, dans lequel le 
catalyseur comprend du platine. 

10 

16. Precede selon la revendication 12, dans lequel les 
ponts dans Tune desdites couches de materiau en 
feuille, sont decales par rapport aux ponts formes 
dans I'autre desdites couches de materiau en 
feuille. 15 

17. Ensemble de membrane et de garniture d'etanchei- 
te pour la section d'humidification d'une pile elec- 
trochimique a combustible, comprenant : 

20 

une premiere et une deuxieme plaques a 
champ d'ecoulement ; 

une membrane permeable a I'eau interpos6e 
entre lesdites premiere et deuxieme plaques a 
champ d'ecoulement; et 25 
un premier et un deuxieme joints d'etancheite 
preformes ; 

les premiere et deuxieme plaques a champ 
d l 6coulement et ladite membrane comportant 
des ouvertures formees dans celles-ci, pour 30 
permettre ie passage de fluides a travers ledit 
ensemble ; chacune desdites premiere et 
deuxieme plaques a champ d'ecoulement, 
comportant des gorges formees a la surface 
orientee vers ladite membrane, ces gorges de- 35 
limitant generalement lesdites ouvertures ; et 
les premier et deuxieme joints d'etancheite so- 
ndes prelormes etant disposes dans lesdites 
gorges. 

40 

18. Ensemble de membrane et de garnitures d'etan- 
cheite selon la revendication 17, dans lequel la 
membrane est une membrane echangeuse d'ions 
de polymere solide. 

45 

19. Ensemble de membrane et de garnitures d'etan- 
cheite selon la revendication 17, dans lequel les 
joints d'etancheite sont form6s d'une matiere elas- 
tomere thermoplastique solide. 

so 

20. Ensemble de membrane et de garnitures d'etan- 
cheite selon la revendication 19, dans lequel la pre- 
miere et la deuxieme plaques a champ d'ecoule- 
ment, ont une epaisseur d'environ 0,2 pouce (5,08 
mm), les gorges ayant une profondeur d'environ 55 
0,026 pouce (0,61 mm), et les joints d^tancheite 
ayant une epaisseur d'environ 0,03 pouce (0,76 
mm). 



Ensemble de membrane et de garniture d'etanchei- 
te pour la section d'humidification d'une pile 6!ec- 
trochimique a combustible, comprenant : 

une premiere et une deuxieme feuilles de ma- 
teriau poreux en feuille ; 
une membrane permeable a I'eau interposee 
entre les premiere et deuxieme couches de ma- 
teriau poreux en feuille ; et 
un premier et un deuxieme joints d'etancheite 
solides preform6s ; 

les couches de materiau en feuille et la mem- 
brane comportant des ouvertures formees 
dans celles-ci, pour permettre ie passage de 
fluides a travers I'ensemble ; chacune des cou- 
ches de materiau en feuille comportant des ca- 
naux formes dans celles-ci, ces canaux delimi- 
tant generalement lesdites ouvertures ; et les 
premier et deuxieme joints d'etancheite prefor- 
mes solides, etant disposes dans lesdits ca- 
naux. 
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Fig. 2 
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Fig. 4 
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Fig. 6 
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Fig. 8 




18 



EP 0 665 984 B1 



CELL CURRENT, A 




CELL VOLTAGE ,V 
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CM 

EXTERNAL LEAK RATE (SCTM) 
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Fig. 12 




21 



